Abstract The relationship between the sacoglossan Elysia timida and the ornate wrasse Thalassoma pavo was studied in two laboratory experiments using artificial models. A feeding-preference experiment was conducted to determine whether mollusc extract deterred feeding by T. pavo, by using a ''realistic'' mollusc model (imitating the colour pattern of E. timida) coated with mollusc extract, and a reference model (without imitation or extract), and fishes collected from two locations. It was observed that fish approached, attacked and ate more reference models than mollusc models. A second feeding-preference experiment was designed with four different coloured models: ''realistic'' (W), green (G), red (R) and chequered (S) pattern. Both fish populations clearly rejected the S model, and differed in their colour preferences. Although both populations seemed to prefer the R and G models equally, the W model was clearly rejected by the fish that coexist with the mollusc at one site (Mazarro´n), but was not rejected by the other population of fish which does not coexist with it (Cabo de Palos). Mazarro´n fishes would identify the W model with the presence of a toxic compound during their coexistence, and therefore avoid attacking conspicuously coloured E. timida models as a response to their visual signals. Therefore, it was concluded that extract of E. timida is a deterrent for T. pavo, and its effect is sufficiently noxious that the fish tend to avoid it, so that the ability of the fishes to learn to recognise colours and identify certain colour patterns associated with obnoxious prey provides the molluscs the opportunity to survive by exhibiting a conspicuous coloration.
Introduction
The predator-prey relationship is one of the strongest selection factors in the evolution of behaviour (Csa´nyi and Do´ka 1993) . Colour-pattern strategy (aposematism or crypsis), chemical defence and shelter background are prey adaptations to avoid predator pressure, while improved visual learning of specific patterns and detoxification ability are predator adaptations to counteract prey abilities (Krebs and Davies 1993) . The visibility of an organism's colour pattern is affected not only by the inherent properties of the pattern, but also by predator vision, hunting tactics, prey behaviour, and the background colour patterns. The effects of these factors are not independent and may vary from place to place (Endler 1978) . Bright coloration is often associated with distastefulness, since a conspicuous prey is easily recognised. Predators learn to avoid warning colours effortlessly, but having learned to avoid a prey type they are probably less likely to attack it by mistake if it is conspicuous (Guilford 1985) .
It is frequently accepted that many marine molluscs use distasteful molecules to avoid attack by predator fishes. The opisthobranchs are shell-less molluscs with limited mobility and a broad variety of conspicuous coloration. During their evolution they have lost the mechanical protection given by the shell, but they have developed defensive strategies based on the use of chemical substances (Ros 1977; Rosenberg 1991) . The principal source of chemical substances is their food; however, some opisthobranchs are able to modify chemical substances that have been sequestered from their prey or to biosynthesise them de novo (Cimino and Sodano 1993; Fontana et al. 1994) .
The sacoglossan Elysia timida (Risso 1818) is a white Mediterranean opisthobranch that lives in well lit shallow waters characterised by low-energy hydrodynamic conditions. They are found in areas covered either by stones or a thick layer of sand. Such environments are also typical of the chlorophycean seaweed Acetabularia acetabulum (L.) (Marı´n and Ros 1992; Gime´nez-Casalduero 1999) . This mollusc is able to biosynthesise de novo polypropionates, presumably as a chemical defence mechanism (Gavagnin et al. 1994a, b; Cimino and Ghiselin 1998) . The ornate wrasse Thalassoma pavo L. is a labrid fish very common in south-western Mediterranean coastal regions (Garcı´a-Charton and Pe´rez-Ruzafa 2001). It lives in the typical sacoglossan habitat, and feeds on small crustaceans and molluscs (Whitehead et al. 1986) , and is therefore a potential predator of E. timida. It has been found that the different compounds isolated from this mollusc are toxic for the fish Gambusia affinis (commonly used for ecotoxicity tests), but it has not been demonstrated that the polypropionates deter predator fish that cohabit with the mollusc (see Gavagnin et al. 1994b) .
The main objective of this paper is to demonstrate the capacity of E. timida to deter the marine fish T. pavo, and the effectiveness of the mollusc coloration as a warning signal. The mollusc extract and the acceptance of four coloured models (three of them based on the E. timida pattern, and the last one showing an ''unrealistic'' pattern) were tested for fish populations coming from two different locations in south-eastern Spain.
Materials and methods

Animal collection and fish-holding conditions
Using hand nets, the wrasses were collected from two localities on the coast of Murcia (south-eastern Spain) ( Fig. 1): (1) at Cabo de Palos (37°38'N, 0°41'W), where the predominantly rocky bottom is formed by boulders of different sizes with clumps of the seagrass Posidonia oceanica interspersed in the rocky matrix;the sacoglossan is rare in this area, probably owing to the heavy wave action prevailing in this zone; (2) Mazarro´n Bay (37°33'N, 1°16'W), a coastal area protected from wave exposure where the sacoglossan and the seaweed Acetabularia acetabulum are particularly common and abundant (Marı´n and Ros 1992) . The two areas are separated by 40 km.
The fish were immediately transported to the laboratory, where they were placed in a tank containing a silica-sand substratum and flow-through well water (20°C, salinity 36&), and exposed to a 12-h light:12-h dark illumination regime. While in captivity, the fish were fed ad libitum two times daily with the same artificial food as that used in the experiments (described below).
The sacoglossan specimens were collected from Mazarro´n Bay at depths of 1-3 m, and were transferred to the laboratory in an icebox within 3 h.
Artificial models
The artificial sacoglossan models were based on previous experiments and were similar to those described by Magurran and Guirling (1986) , Dugatkin and Godin (1992) and Gime´nez-Casalduero et al. (1999) . Each model consisted of two parts: the main body and the outer skin. The main body was made from triturated sardine with 4% of carrageenan (Sigma 1013) ( Fig. 2A, a) . The ingredients were mixed by stirring and then heated in a microwave oven for 60 s. The outer skin ( Fig. 2A, b) was composed of two pieces of printed colour paper 0.7·1.5 cm in size, created with a computer design programme. Five different designs were placed on the artificial diet: realistic (W), coloured (R and G), unrealistic (S) and control (X) models. W models were based upon the natural physical characteristics of E. timida (mollusc colour and design; Fig. 2A, W) . In addition to this realistic model, two more models were made with the sacoglossan pattern but with different colours: the R model had red coloration ( Fig. 2A, R) , and the G model had green coloration ( Fig. 2A, G) . The ''unrealistic'' S model had a black-and-white chequered pattern ( Fig. 2A, S) . Finally, the X model had the same main body and size characteristics as previously, but the outer skin had no design on it, this model being used as a control in the chemical feeding-avoidance experiment (see below) ( Fig. 2A, X) .
To test the deterrent ability of E. timida, mollusc extract was used to coat the W models. Approximately 300 sacoglossans were collected in Mazarro´n Bay and subsequently extracted in acetone, and the solvent evaporated under vacuum. The amount of extract used for each model was estimated according to Gavagnin et al. (1994a) . The extract concentration was calculated as milligrams per gram dry weight of animal tissue, using an empirically derived equation for animal weight: DW=8.55WW+4.55·10 -4 (r=0.82), where DW is the dry weight and WW is the wet weight (both Fig. 1 Fish-sampling sites in the south-western Mediterranean Sea. Asterisk Mazarro´n; filled circle Cabo de Palos
